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EFFECT OF HORIZONTAL-TAIL SPAN AND VERTICAL LOCATION ON THE AERODYNAMIC

CHARACTERISTICS OF AN UNSWEPT TAIL ASSEMBLY IN SIDESLIP ‘

By DONALDR. RILEY

SUMMARY

An investigation ha been condwcted in the Langley stu.&WtII
tunnel on a uerti.ca.l-tui-lmodel with a stub fuselage in combina-
twn wdh carioux lwrizontul tads to d.a%-mine the e$ect of
horizontal-tail span and wrtka.1 .ka#iOn of the horizontal tail
relmhle to the vertical tuil on the aerodynamic charactenktia of
an unswept tail amembly in si.dedip.

The resul.ih of the invmtiga$ion indi.cakd that the induced
loading carried by the horizontal tuil produced a roliing moment
about th-s point oj attachment to tlw vertical tail which was
8trongly in$uenced by horizontal-tail span and vertical locution.
The greatz$t e$ect oj horizonld-td spm on the ro.!.bing-momti
detioatioe oj the complete tad msembly wm obtaimd for
harizoni!.al-tail lacattk-m near the top oj the vertical tail.

Th additwn oj a horizontal tad to the jmelage-vtm%cal-tai.l
combination prodwed the greatest increase in the magnitude oj
t?w lai%ral-jorce derhatwe when the horizcwu%l tud waa locuted
near either tip oj the vertical tuil. Locating hmizonlal tail-s oj
all spaw omqunrter and one-half of the vertical-tuil span above
the base oj the vertical tail prodwced a decreme in th-em.qmtlude
oj the lut.eral-jorce deriwuhle oj the horizom!ul-tai.!-o$ cOn..ra-
tion.

Span loadings which were recked to the 8tutk-st4Wi4t de-
rim.tives were cddated jor each configuration te&ed by applying
the well-known jinit.e-step method wed jor wings to the inter-
secting surjactx oj the vertical and h.orkontul tails. The
method cxnulstx in Tepkcing tlw vertical and horizontal tai.lv by
a jinit.e number oj lwr8eshoe vortiax having the bound potiti
tocai!ed at the ~rter-chard line. The stabddy derioutwes
obtained by thix method were in good agreement with wind-
tunnel reads. Tlu jinite-step method pTovMx a simple and
e$ective mean8 oj invtxtigating the 8pan 10adkg8 oj interseckiq

t?urjaces.
INTRODUCTION

The need to provide n more complete estimate of the tail
contribution to the static lateral stability of complete air-
plane configurations and to provide a basis for structural con-
siderations of the tail assembly, including the afterportion of
the fuselage, has emphasized the lack of a complete theory
from which could be obtained the spanloadings for horizonttd-
tail and vertical-tail combinations in sideslip. A minimum-
induced-drag solution for the effects of horizontal-tail
span and vertical location on a centrally located vertical tail
fit cmangle of sideslipvms obtained in reference 1. A lifting-

line solution (ref. 2) baa been obtained for the one case of the
horizontal tail located at the base of the vertical tail, ellipti-
cal and semielliptiozdplan forms and coinciding root chords
being assumed. A comparison of the two solutions pre-
sented in reference 2 indicates that the implied inilnite-ohord
horizontal tail of the minimum-induceddrag theory leads to
an excessive end-plate effect for the range of tail sizes usually
under consideration.

Several attempts, such as references 3 and 4, have been
made b synthesize a solution by using the results of refer-
ences 1 and 2. Reference 2 is used, in effect, to extrapolate
the rewhs of reference 1 to a finite horizontal-tail chord.
These attempts have been concarned mainly with obtain-
ing a reasonable estimate of the end-plate effect of the
horizontal tail on the vertical-tail lift-curve slope. The
rolling moment of the horizontal- and vertical-tail combina-
tion about the base of the vertical tail and the rolling mo-
ment of the horizontal tail about its point of attachment to
the vertical tail have been treated only in references 1 and
2 and, aa a result, only reasonable estimates can be obtained
for the case of the horizontal tail located at the base of the
vertical tail.

Since the available theories for calculating these aero-
dynamic characteristics are rather limited, an experimental
investigation was conducted in the Langley stability tunnel
to determine the eilect of horizontal-tail span and vertical
location on the aerodynamic characteristics of an unswept
tail assembly in sideslip. In addition, the results serve to
determine the applicability of the well-known discrete horm-
shoe-vortex solution for detwmining span loadingg of wings
to the problam of intersecting surfaces as a means of approxi-
mating the loading and, hence, the rolling moments. This
iinite+tep method which can be considered as a simplified
lifting-surface theory involves the use of n horseshoe vortices
placed along the lifting line of the vertical and horizontal
tails and the application of the boundary condition of zero
velocity normal to the surface at the three-quarter-chord line
for n spanwise stations; this method yields a system of n
equations in n unlmowns. solutions of Siml.lhtmeous
equations of this type of high order are usually somewhat
cumbersome to obtain by manually operated computing
machinea but are reasonably well adapted to the relay+pe
digital computing machines.

1SnpsrwiesNAOATN W, “EffectofHorizanb#-TailSpanandVartkalLocationontheAerodynmdoObnraaterktkOfan Umwept TaU AssmblyinS1desli@’by DonaldR. Riley,
193.3.
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SYMBOLS

The data presented herein are in the form of standard
NACA coefficients of forces and moments which are referred
to the stability system of axes with the origin coinciding with
the intersection of the fuselage center line and the quarter-
chord line of the ~erticsl tail. The positive directions of the
forces and moments are shown in figure 1. The coefficients
and symbols are defined as follows:
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c.
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lift coefficient, L/@v
longitudinal-force coefficient, Xl@V
lateral-force coefficient, Y/q&
rolling-moment coefficient, L’J@7vbV
pitching-moment coefficient, .ii/qSVc
yasving-moment coefficient, iV/@Vbv
lift,lb
.longitudimd force, -drag at B=O”, lb
lateral force, lb
rolling moment, ft-lb
pitching moment, ftJb
ymving moment, ft-lb
dynamic pressure,lb/sq ft
tail span, ft
tail ~hord,ft
aspect ratio ‘
effective aspect ratio
angle of attack of fuselage centerline, deg
a~~leof sidcslip, deg
trLilarea, Sqft
free-stream velocity, ft/sec
effective edge-velocity correction
finite-spanlift-curve slope per degree
section lift-curve slope per degree
lateral-force derivative, dCi-@P
rolling-moment derivative, hC@P
ywing-moment derivative, bCJM
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FIGUREI.-System of

N
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axe3 used. Arrows indiuate positive direction
of forces and momen~

FOR AERONAUTICS

Subscripts :
v ‘vertical tail
H horizontal tail

The symbol CIP‘tithout an additional subscript iiIclicILtes
that the values are for the complete model.

MODELS AND APPARATUS

A vertical-tail model mounted to a stub fuselage was teatocl
alone and in combination with three horizontal tails having
spans of 10, 20, and 40 inches in the 6- by 6-foot test section
of the Langley stability tunnel. The vertical and horizontal.
tails were unswept and untapered, having essentially rectrm-
gular plan forms with rounded tips and equal chords. The
verticil tail wna constructed from mahogany and had a spun
of 20 inches measured from the fuselage centerline, an aspect
ratio of 2, and an NACA 0012 airfoil section. The horizontal

tails were made from ~inch plywood which was sanded ond

shellacked to give a smooth surface. Each of the horizontal
tails had a rounded leading edge and a sharp trniling edge in
order to sim.date nn airfoil shape in cross section. The fuse-
lage used in the investigation was a body of revolution con-
structed from mahogany and designed so that the fuselage
length was twice that of the vertical-tail chord. Details of
the model and the principal dimensions arepresented in figure
2. Ordinatm for the stub fuselage and vertical-tail airfoil
section are listed in table I. Photographs of the composite
model showing several of the horizontal-tail sims and 1OCW- ,
tions arepresented in figure 3.

TESTS

Tests were conducted on the stub fuselage with and with-
out the vertical tail and with the vertical tail in combination
with each of three horizontal tails located at five dfierent
vertical positions relative to the vertiwd tnil. The five ver-
tical locations of the horizontal tails are referred to heroin
as positions A to E. (See fig. 2.) The model was mounted
in the tunnel with the fuselage center line coinciding with
the tunnel center line for zero sidmlip and zero angle of nt-
tack. For each configuration tested, the model was trav-
ersed through an angle-of-eidwlip range of + 16° at an angle
of attack of OO. Data for the complete model were obtnined
at 2° increments by means of a six-component balance sys-
tem. Additional tests to obtain the rolling moment of tho
horizontal i%l about its point of attachment were conductod
after the vertical tail had been altered to contain a strain
gage to which the horizontal tails were attached. Strnin-
gage readings were recorded at the same anglea as the datn
for the completa model.

AU tests were conducted at a dynamic pressure of 24.9 ‘
pounds per square foot which corresponds to a Mach number
of about 0.131. The Reynolds number, based on the chord
of the vertical tail, was approximately 7.7X 10s.

Approximate corrections, which neglected the effect of the
stub fuselage and horizontal tails, were npplied to the datn
for the eilects of the jet boundaries. No corrections, how-
ever, have been applied for the eflects of blocking, turbulence,
or suppor&strut interference.
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FIGUZE2.—Details of the model showing the horizontal-tail spans and vertioal locations of the hor@ntal tail investigated.
(All dimensions are in inches.)

TABLE I.—ORDIIVATES FOR STUB FUSELAGE AND
VERTICAL TAIL
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THEORY

The iinite-step method used herein to evaluate subsonic
sptm loadings for the vertical-tail and horizontal-tail com-
binations in sidealip has been employed by a number of in-
vcstigatera in calculating the loadings on wings of unusual
plan form. l?or example, in reference 5 this method is in-

cident to a determination of the aeroelastic loading on wings.
b ~ed herein, the finit~step method consists of replacing
the tail surfaces by a finite number of horseshoe vortices
which are distributed across both the vertical- and the
horizontal-tail spans with the bound portion located at the
quarter-ohord line. The velocity normal to the surface, re-
sulting from the complete vortex system, is then calculated
at the three-quarter-chord line for the midspan station of
each horswhoe vortex. At the control points, the bound-
ary condition of tangential flow is applied. The boundary
co&lition is satisfied‘by equating the-nornd velocity resul~
ing from the vortex system to the component of the free
stream normal to the surface. For the vertical tail the free-
stream component is VB and for the horizontal it is Va,
which is zero since a was held zero for the experimental tests.
The angles a and& of course, are expressed in radians. The
expxsaion for the normal velocity at a given control point
contains the u.nlmown circulations of all horseshoe vortices
used to deiine the configuration. When the expressions for
all the control points are solved simultaneously, values of
the unknown circulations and, hence, the span loadings are
obtained. The important concept of the quarter-chthd and
three-quarter-chord lines to obtain the angle of attack of a
surface was &t advanced by Pistolti and is discussed by
Weissinger in reference 6.

The expressions used to calculate the sidewash”and down-
wash at any point in space due to a single horseshoe vortex
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(a) 40-inch horizontal tail at location A.
FIGURE3.—Threequarter riews of the stub-fuselage and vertical-tail

model with the three horizontal tails investigated mounted in the
0- by O-foot test section of the Langley stabi;it y tunneL

(b) 20-inch horizontal tail at location D.
FmmzE 3.—Continued.

were obtnined from reference 7. Thkse expressions show-
that the desired veloci~ components are proportional to the
product of the circulation nnd some function of the geometry.
Tabulated values of the geometric contribution in terms of
the vortex semispan are pr~ented in references 8 and 9 for
the downwrwh where the control point is located in the same

(a) 10-inch horizontal taif at location C.
FIGURE3.—Concluded.

plane as the horseshoe vortex. All sidewnsh values were
found from the sidewash expressions given in reference 7 be-
cause no sidewash tables were available.

A correction for the difference between the actual and the
theoretical values of the section lift-curve slope must bo ILp-
plied to the calculated results since the iinite-step method is
based on the theoretical thin-airfoil-sec~ionlift-curve slope of
2r/57.3. For the case where the actual section lift-curve
slope cl= is about constant across the span and where only n
mmll correction is needed, it is su.flicientto reduce tho vnlues

57.3clby the ratio ~. For more exacting compu tntions, the
2T

position of the control point may be shifted to account for
variation5 in c,.. (See ref. 10.)

Calculations of the span loadings which were reducecl to
force and moment derivative were performed with four
horswhoe vortic6s distributed across the quarter-chord line
of the vertical tail from the fuselage center line to the tip so
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that each horseshoe vortex had a span of 5 inches. Using
this vortex span resulted in an even distribution of horseshoe
vortices across each of the three horizontal tails. The choice
of four vortices to represent the vertical tail was obtained
from rLshort,analysis, given in appendix A, of the effect of the
number of horseshoe vortices. Sketches of several of the
vortex configurations calculated, showing variations in span
and location of the horizontal tail, are presented in figure 4.
The number of equations necessary to solve for each different
configuration could be reduced since the loadings on the two
panels of the horizontal tail were of equal magnitude but
opposite in sign. For the con.tignrationinvolving the 40-inch
horizontal tail, for emmple, the calculations involved a
solution of only eight simultaneous equations. The solution
of eight equations by use of the Crout method in conjunction
with manually operated computing machines required about
62 hours. Using rLrelay-type computer reduced the time
required to about 3 hours.

Several additional calculations for comparison purposes
were performed for the vertical tail $ combination with the
10-inch horizontal tail by using eight horseshoe vorticw dis-
tributed across the vertical tail instead of four.

RESULTSAND DISCUSSION
PRESENTATIONOF RESULTS

The experimental results for the fuselage alone, with the
vertical tail, and with the vertical tail in combination with
each of the three horizontal tails at various vertical locations
am presented in figures 5 and 6. In addition, the measure-
ments obtained for the rolling moment of the horizontal tail
about its point of attachment to the vertical tail are presented
in figure 7. Experimental values for the static-lateral-

Z&
(o)

~
(b)

(a) M-inch horizontal tail at
position A.

(b) lo-inch horizontal Ml at
position B,

(c)

(d)

(c) 20-inch horizontal tail at
position A.

(d) 20-inch horizontal tail at
position D.

*

X.
‘E
$-

FIaurm 4.—Sketches of several vortex representations of tail conjura-
tions calculated in the absonoe of a fuselage. Direction of rotation
of ench hommhoe vortex is indioatd for positive airmdation. Gaps
between adjacent trailing vortices are shown to indicate the number
of horseshoe vorticeE used. All calculations were performed with
adjacent tmdling vortices coinciding and estendng to infinity.

stability derivatives CY@,CIP,and Cl~Hshowing the effects of

span and vertical location of the horizontal tail are sum-
marized in figures 8 and 9. A short analysis of the effect of
the number of ~orseshoe vortices employed is presented in
appendix A and some approximate calculated effects of the
stub fuselage me discussed in appendk B. A summary of
the calculated results for the combinations of vertical and
horizontal tails without a fuselage is presented in figure 10
and a comparison of experimental and calculated results
(including fuselage effect) is shown in figures 11 rmd 12.

BASIC DATA

Experimental results for the stub fuselage alone and with
the vertical tail are presented in iigure 5. The fuselage-alone
data indkate a slightly negative C.P and a 0% of zero.
~heoretical considerations of the fuselage alone indicate n
slight instability for CW; however, the magnitude of the
values of C. expected for this fuselage is not within the
accuracy of the balance system used. The CZ8obtained for
the fuselagevertical-tail combination is probably due to
the (?% of tbe vertical tail alone and possibly ta a small
increment due to interference e.ilects. Although the force
and moment center for the tests was located at the quarter-
chord line of the vertical tail, both theoretical and experi-
mental results for wings show a forwaxd shift in the aero-
dynamic center with decreasing aspect ratio.

The horizontal-tail-on data (fig. 6) indicate noticeable
variations in CYdand CZBfor changes in horizontal-tail span
and vertical locations. These results are summarized in
figures 8 and 9 ‘&d are discussed in the following sections.
The pitching moment C. shows an increase in value for an
increase in span at all locations except A and for a given span
as the tail location is shifted from A to E. Most of the iD-
crease indicated can be attibuted to changes in the longi-
tudinal force for the various horizontal tails and to the ver-
tical location of those forces. The effect on Cx of increasing
the span is clearly indicated at I?= Oand, at the higher angles
of sideslip, the end-plate effect of the horizontal tails is evi-
dent at locations A and E. Little change is apparent in C“~
for the horizontal tail-on and tail-off conflgumtions. Some
variation in CLoccurs for all angles of sideslip and is probably
the combined result of several factors, among them being
support interference, some fuselage effect on the horizontal
tails, especially at the lower positions, and possibly a slight
misalinement of the horizontal surfaces relative to the free
stream. The variations do ‘not appear to be too significant
except for location A where a blanketing of the inboard por-
tion of the trailing semispan is produced by the fuselage.

The strain-gage measurements for the horizontal-tail
rollirg moments (fig. 7) show a slight differential angle’ of
attack between the two horizontal-tail panels, especially for
the 40&ch tail span. This difference, however, is not too
important since the primary concern is C18Eand these curves

appear linear over a ,sideslip range of at least + 8°. Par-
ticular care was taken in conducting these tests to eliminate
horizontal-tail dihedral. The experimental results for Cld=

are sum.nwized in figures 8 and 9 which are discussed sub-
sequently.
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measurements for the rolling moment of the 10-, 20-, and 40-inch horizontal t.ailaabout their points of attachment to the
vertical tail for the five diihrent vertical Iooations investigated.
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EPFEC1’OF SPAN ON STABILITYDERIVATIVES

The experimental rcmdts for the static-lateral-stability
derivatives Cyfl, C,o, and C,fl= are presented in iigure 8 as

functions of horizontal-tail span. The data indicate that
the gremtestinfluence of span on C=~was obtained when the
horizontal tails were located at either tip of the vertical tail
(locations A and E). At location E the end-pla~ effect of
the horizontal tail provided relatively large increasea in the
magnitude of CYPfor corresponding increaaas in span as
long as the horizontal-tail span did not exceed the span of
the vertical tail (20 inches). Increasing the span above this
value provided only small additional increases in the magni-
tude of CYP. For example, increasing the span from 20 to
40 inches provided an additional increase of less than 2
percent in the magnitude of Crp. The CYPcurve for location
A exhibits the same general trend as the curve for location E
rmd at somewhat larger tail spans an increase in span prob-
ably results in even smaller increams in CYdthan the present
range of tail sizes indicates Although horizontal-tail span
apparently has little effect at tail locations B and C, except
possibly for the smaller tail spans, iigure 8 does show that
the use of these locations can result in a slightly more positive
C=~than for the vertical-tail-fuselage combination. Of par-

ticular interest is the fairing of the curve of Cydfor location A
in the region of & of 6 inches. The constant-value line
shown is intended to convey that almost all of the horizontal
tail is contained within the fuselage for the range of b~ values
from O to approximately 5 inches, and, thus, the fuselag~
vertical-tail configuration applie9 at every point in this
region. The constant value of the vertical-tail-fuselage
combination for the region of b~ from Oto about 5 inchw is
indicated not only for CYPbut also for the rolling derivatives
O,Pand CIPH. Thickness of the verticaJ tail also provides a

similar effect; however, it was neglected in the plotting of
the curves.

The effect of horizontal-tail span on the rolling-moment
dwivmtive of the horizontal tail C~PEis evident at all

horizontal-tail locations and appears to become increasingly
more important as the horizontal tails are moved closer to
the tips of the vertical tail and as the horizontal-tail span
increases. The effect under the latter condition oan be
attributed mainly to the increased distance from the loading
to the axis of roll. A comparison of the valuea of Cl@and
C,BHindicates that the magnitude of C,b=for the larger tail
spans can provide a large contribution to the value of the
rolling-moment derivative of the complete tail assembly.
An indication of the magnitude of the Cl@=contribution can
be seen by noting, for example, that the 40-inch tail at
locations A and E produces a rolling moment of about 35 to

40 percent of the rolling moment of the fuselage-vertical-

tail combination. The unsymmetrical appearance of the
Clb= data for corresponding spans relative to 0+==0 for
tail locations B and D can be attibuted to the influence of
the stub fuselage. A direct indication of the magnitude of
the fuselage titerference can be obtained at location C since
the absence of a fuselage would result in a value of Clb=of
zero for all horizontal-tail spans. The effect of horizontal-
tail span on C~dshows a very strong influence at location E.
For spans less than the vertical-tail span (20 inches), the
dominating effect at location E appears to be the additional
vertical-tail loading and associated center-of-pressure shift
produced by the end-plate effect. For horizontal-tail spans
above 20 inches, however, the rapid rate of change of Clfl
with span is mainly the effect of Cr~H. At location D, the
principal effect of span on C,Dcan also be traced to the C,flR
contribution, as can the variation appearing for locations A
and B for bE values above 20 inches. For values of bH less
than 20 inches, the interaction of the rolling-moment deriva-
tive of the vertical tail and C,P=provides only minor span
effects at locations A, B, and C.

~ECT OFLOCATIONON STAEIIXPYDERIVATIVE

The experimental lateral-stability derivatives C.8JC,p,and
Clp=axe presented in figure 9 as functions of vertical location
of the horizontal tail. Horizontal-tail location appears to
influence Crdirrespective of horizontal-tail span, the greatest
variation occurring for horizontal-tail locations near either
extremity of the vertical tail. On CZP&changes in vertical
location are of particular importance since the values change
in sign. For tail locations near the base of the vertical tail
(A and B), the rolling moment of the horizontal tail resists
the rolling moment of the vertical tail but, at locations C, D,
and E, the horizontal-tail rolling moment is additive to the
rolling moment of the vertical td. At location C, the
magnitude of Cl@=for various spans givw a direct indication
of the fuselage interfere ce at this location. The greatest
change in CIPoccurs for the 40-i.nch span over the complete
range of locations. For horizontal-tail spans of 10 and 20
inchw, the greatest variation in Cl~occurs for tail locations
near position E.

The experimental data are presented in figure 9 for the
tail located at the tip of the vertioal tail and, although the
model tested had the horizontal tail mounted slightly below
the tip, the thickness of the horizontal tail was such that
the vertical tail extended only slightiy above the horizontal
tail. (See fig. 2.) The unsymmetrical appearance of the
data, particularly noticeable for C.~ and CZ~E,can be traced
to the addition of the fuselage to the vertical- and horizontal-
tail combinations. In order to magnify the experimental

.
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results, scales were chosen for the stability derivatives in
fibmes- S and 9 which, in general, are not ‘justified by the
exTerimentnl accuracy. In addition, it should be remem-
bered that all the stability derivatives presented herein were
obtained by using coefficients based on the vertical-tail area.

COMPARISON OF CALCULATED AND EXPERIMENTAL RESUL’19

Sprmwise step loadings for each of the combinations of
vertical and horizontal tails tested were calculated as out-
lined in the section “entitled “Theory.” These. loadings
expressed in terms of the static-lateral-stability derivatives
CYB,C16,CID=,and C,BVand based on a cl= of 2r/57.3 are
presented in figure 10. Although these results are not
directly comparable with the experimental data since the
fuselage was omitted in the calculations, they do represent
a theoretical solution for the intersecting surfaces.

To the values in figure 10 have been applied a correction
for the effect. of section-lift-curve slope and a correction, as
discussed in appendix B, accounting for the effect of the
fuselage. The section-lift-curve-slope correction ccmsisted
of reduci~e the values of the stability derivatives in propor-

.57.3cl
tion to the ratio —a. Airfoil-section data of reference

27
11 indicate that the c,= for an NTACA0012 airfoil section has
a value hbout 10 percent less than the theoretical; unpub-
lished results obtained for some wings by the finite-step
method employing 10 or 20 discrete horseshoe vortices show
that variations in c,= of this magnitude or less provide only
minor changes in the span-load distribution as compared
with the stricter solution involving a relocation of the con-.
trol point at rLposition other than the three-quarter-chord
point. The cl= of the horizontal tail was assumed to be
equrd to the c~=of the vertical tail; this assumption, although
not strictly correct, would appear to be a reasonable estimate
of the cl= of the horizontal tail. The rwults of figure 10,
corrected for section-lif~urve slope and including an estima-
tion of the fuselage effect, are presented in figures 11 and 12
and compared with cm-responding experimental data. The
results are presented as a function of location in order that
the cnlcuhted values for the 10-inch horizontal-tail com-
binations, which have the most accurate estimation of the
fuselage effect, can be directly compared with experimental
data. The comparison in figure 11 shows excellent agree-
ment for CYPat all spans. Good agreement was also ob-
tained for C,B, the largest variation between experimental
and calculated results occurring for the 10-inch horizontaJ-
tail-on configuration.

In iigge 12, the C~Bof the complete model has been broken
down into its component parts, CIPHand CZ%; the fuselage

is included in Cl&. The results appear to be in good agre~

ment with experimental values. Increasing the number of
horseshoe vortices defining the configurations and using a
better estimation of the fuselage effect would probably result
in rLmuch better agreement for Clb and Clb. The use of

only four horseshoe vortices rwilts in a spamvisestep loading
giving only an approximate vertical location of the center of
pressure of the vertical tail which should be responsible for
part of the variation present. The calculations for CZ~ forH

the 10-inch horizontal-taikm configurations are in excellent
agreement with experimental values. Using a similarmethod
for estimating the fuselage effect for the 20- and 40-inch tail
configurations would seem to provide as good ngmement ns
for the 10-inch tail configuration. (See appendix B.)
Although these improvements in the calculations nre wppn-
rent, the amount of time required for computing the londings
was not felt to be justiiied in view of tbe good agreement
obtained thus far. The results definitely show that n good
estimation of the static-stability derivative can be obtained
for intersecting surfaces by use of the finite-step method,
Utilizing this method in conjunction with relay-type com-
puting machines should provide a simple means for investi-
gating the effects of variations in plan form, taper mtio, and
sweep on the span loadings of intersecting surfuces. .

EFFECTIVEMPECT RATZO’

Using the variation of lift-curve slope with nspoct ratio
for four horseshoe vortices distributed across the span of a
rectanguk-phm-form wing, which is part of the results of a
short analysis on the effect of the number of horscshoo
vortices on CL=as presented in appendix A, in conjunction
with CY8bm figure 10, makes it possible to obtain the ond-
plate effect of the horizontal tail in terms of the ratio A,/A.
Expressing the effect of the horizontal toil in this mmmer
makes comparison of the calculated results with the syntlm-
sized results of reference 3 possible. The comparison ex-
pressing A,/A as a function of horizontal-tail location is
presented in figure 13 and indicates a noticeable effect of
horizontal-tail span for the calculated results obtained herein.
The results of reference 3 which are indicated in the figure
by the dashed line apply for all horizontal-tail spans. A
small variation of AJA with span was obtained in reference
3; however, it was considered negligible. As shown in figure
14, in which the computations for four and eight horseshoo
vortices distributed across the vertical tail for the 10-inclI
horizontal-tail configurations are presented, a large part of
the effect of span may possibly be the result of the number
of horswhoe vortices employed. Figure 14 appears to indi-
cate that, although the variation in A6/A due to span may
possibly be reduced by increasing the number of horseshoo
vortices deiin.ing the configuration, the values of A,/A
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FIGURB13.—Calculated values of AJA for the vertical tall by the
ilnite-step method ae a function of horizontal-tail location for various
horizontal-tail spans compared with the synthesized rceults of
reference 3.
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Vertical Iocotkm of horizontal tail

FIGURE14.—Vah.Es of AJA for the vertical W determined by the
finite-step method as a funution of horizontal-tail location for 10-
Inoh horizontal tails only, using four and eight howhoe vortices
across the ‘vertioal-tail span (with one and two ho-hoe vortiw,
respectively, on eaoh panel of the horizontal tail), oompared with
the synthesized reaulta of reference 3.,

predicted by the finite-step method would be considerably
smaller than the synthesized results of reference 3 for hori-
zontal-tail locations onequarter and three-quarters of the
vertical-tail span above the base of the vertical tail (locitions
B and D).

CONCLUSIONS

The results of the investigation to determine the effects
of horizontal-tail span and vertical location on the aero-
dynamic characteristics of an unswept tail assembly in
sideslip and to check the suitability of using the well-known
finite+tep method to obtain the span loadings and, hence,
the stability derivatives indicate the following conclusions:

1. The use of the finite-step method provided values of
the static-lateral-stability derivatives that were in good
agreement with experimental results and, in general, appears
to provide a simple and effective means for investigating
span loadings of intersecting surfaces.

2. The addition of a horizontal tail to the stub-fuselage

and vertical-tail combination produced the greatest increase
in the magnitude of the lateral-force derivative CFP for
horizontal-tail locations near either tip of the vertical tail.
For horizontal tails located at the top of the vertical tail
an increase in horizontal-tail span provided a relatively
large additional increase in C=p only for horizontal tails
having spans less than the span of the vertical tail. Spans
larger than the vertical-tail span provided only mmll addi-
tional ineresse9.

3. Horizontal tails of all spans located one-quarter and
one-half of the vertical-tail span above the base of the
vertical tail produced a decrease in the magnitude of the
lateral-force derivative CYPof the horizontal-tail-off con-
figuration.

4. Variations in both horizontal-tail span and vertical
location produced a strong influence on the rolling-moment
derivative of the horizontal tail. o

5. The greatest variation of the rolling-moment derivative
of the complete tail assembly with horizontal-tail span
occurred for the horizontal tail located at the top of the
vertical tail.

6. The end-plate effect of the horizontal tail, calculated
by means of the finite-step method and expressed in terms
of the ratio of effective aspect ratio to geometric aspect
ratio, indicated a greater intluence of horizontal-tail span
than that obtained from the synthesized results by using
the minimum-induced-drag and lifting-line theories. The
end-plate effect indicated by the iinite-step method was
smaller for horizontal-tail locations near the quarter and
threequarter vertical-tail-span positions than the effect
indicated by the synthesized results.

IJANGLEy AERONAUTICAL LBORATORY,
NATIONAL ADVISORY COMMITTEE FOR AERON~UTICS,

LANGLEY FIELD, VA.,December ,?!4,1962.

APPENDIX A
EFFECTOF NUMBEROF HORSESHOEVORTICES

The iinite-step method, as the name implies, approximates .0s
the spamvise loadings of the vertical and horizontal tails by
means of step lodinga with the number of steps, of course, 1 I I I I I 1 I
corresponding to the number of horseshoe vortices used to

~ @kUIOted by horhe vortic~
.07

define the configuration. In order to obtain an indication as {} CL—-— Liftii-surface theory, —

to the number of horseshoe vortices that should be u~ed to +
obtain reasonably accurate results, especially in regard to the GLa.06
total load carried by the surface, calculations were performed \
for n rectrmgular-plan-form wing of aspect ratio 2 to deter- \
mine the tin.ite-spanlift-curve elope CL=for various numbers .05 L
of horseshoe vortices distributed across the span. The cal- ~

~ ~
culationa were made for a wing rather than for a tail con.iigu-
ration since the computations were much simpler and the .04
results were more quickly obtained. The calculated results o 2 4 6 8 10 12

Numb& of vorticm
are presented in &me 15 and are compared with a lifting-
surface theory. With four horseshoe vortices, n value of FIQUaEI16.—Cafculated rmdts for the lift-curve slope CL= for a

CL= approximately 15 percent higher than that for the hfting- rectangular-plan-formwingof aapeot ratio 2 for variousnumbersof
surface theory is obtained. By using eight vortices, this horseshoevorticesdistributedamossthespancomparedwithliftiig-
dillerence is reduced ta about 6 percent and, with 12 vortices,
to about 3 percent. I SUrf&C13theory.

(
Calculations valid only for Cla= ~~”

.)
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A more complete comparimn is presented in figure 16
which shotvsCL=for a rectangular wing as a function of aspect
ratio for several difFerent numbers of horseshoe vortices
distributed across the span. Using four horswhoe vortices
at the higher aspect ratios gives results comparable to lifti.ng-
line theory. At the low aspect ratios, however, the finite-
step method produces more accurate results than the lifting-
line theory. Using a larger number of vortices, such as eight
or more, appears to provide results approaching lifting-

surface-theory values. The use of more than eight horseshoe
vortices seems to be desirable only if a well-defined spanwise
loading curve is needed. Figure 16 shows that the minimum
number of vortices that can be employed to obtain reasonably
accurate results is four. For the calculations of the various
tail configurations presented, four horseshoe vortices appmr
to be the most practical to use in view of the accuracy ob-
tained and the additional computational time that would bo
required if this number were increaaed.
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APPENDIX B

FUSELAGE

Before any comparison between calculated and experi-
mental~results can be efTected, some representation of the
fuselage must be introduced into the calculations. Several
attempts were made to calculate the approximate effect
of the fuselage by means of horseshoe vortices and the
results are presented in figure 17. The criterion chosen as a
basis for selecting a representation of the fuselage was
reasonable agreement between calculated and experimental
values of CY* for the. vertical-tail-fuselage combination.
Since the vertical tail was previously considered to extend
to the fuselage center line, two half-span horseshoe vortices
were incorporated into the calculations. The half-span vor-
tices were chosen since the maximum fuselage width was 5

‘L r
l--

k
-,04~

––-Experimtoi
—Cokuloted

Gyp -,05 \

—-. .——, —- ——- ___ ___ .__.___ __
0

-.06

-.02
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J?IQURE17.—Comparison of experimental results of the stub-fuselage-
verticaf-tail combination with seveml calculated fuselage-vertical-
tnil configuration employing horseshoe vortices to approximate the
fuselage tied..

EFFECT

inchw.
of cy*;

The results provided an increase in the magnitude
however, a comparison with the experimental CT.

indica~ed the increase to be insufficient. An attempt t;
increase the end-plate effect by extending the end-plate
chord provided an almost negligible increase in CYD as
compared with the previous case. Since both calculated
values are about 10 percent less than the experimental
values in magnitude, a half+pan vortex was included to
represent the fuselage depth, the final fuselage representa-
tion remdting in a T+haped cross section. Although this
case provided &f6cient agreement with the experimental
CYP,the value of Ot@was in poorer agreement with experi-
mental value than for the vertical tail with no fuselage
considered.

Several additional attempts to calculate the fuselage
effect such as using the flow around an infinite cylinder and
using several sources and sinks to represent the fuselage
provided a poorer agreement with the experimental value of
C.P for comparable unknowns than using tbe T-shaped
fui3elage representation. Since the T-shaped fuselage ap-
peared to give the best comparison with the experimental
value of Ci-~ for the fuselagevertical-tail combination,
it was used to estimate fuselage effect for horizontal-tail-on
configurations in the following manner. Calculations were
performed for the vertical tail with the 10-inch horizontal
tail attached and the T+haped fuselage present for all
vertical locations of the horizontal tail. Fuselage increments,
obtained by subtracting the calculated values for the
fuselage-off configuration horn those for the fuselage-on con-
figuration at each vertical location of the horizontal tail,
gave the correct increments for the 10-inch tail conjura-
tions. These increments were then added to all other values
calculated for the horizontal- and vertical-tail ccdgurations.
The increments ACY6 and ACZfithus obtained are presented
in figure 18. A special case was obtained for location A
since the horizontal tail was considered to extend through
the fuselage. For this case, the fuselage was represented
by only a half-span vortex to account for fuselage depth.
It should be pointed out that the results presented in figura
17 and 18 have the same section-lift+mrve.~ope correction
applied as that discussed in the section entitled” Comparison
of Calculated and Experimental Results.”
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FIQURH18.—Calculated increments of fuselage effect for configura-
tions having the lo-inuh horizontal tail at variouE vertical Iocatione.
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